Abstract -This study analyzed photoperiodic sensitivity of brahminy myna (Sturnus pagodarum), which is a seasonally breeding bird species. During regression phase of the reproductive cycle (in early September), groups of myna were exposed to artificial photoperiods that were either close to or longer than those brahminy myna experiences at this time in wild at 29° N. Following a 14-week exposure to such photoperiods (hours of light: hours of darkness; 13L:11D, 12L:12D, 11.5L:12.5D and 11L:13D), the birds were subjected to a longer day length (16L:8D) for another 9 weeks to test whether pre-treatment with varying photoperiods had an effect on subsequent long day photostimulation. There was a progressive increase in body mass under different pre-treatment photoperiods, with a faster increase in 11L:13D and 11.5L:12.5D than in 12L:12D and 13L:11D. When subjected to 16L: 8D, however, all groups showed decline in body mass. By contrast, the testes were not stimulated under 11L:13D and 11.5L:12.5D, and only one individual of the groups under 12L:12D and 13L:11D showed a small testis recrudescence. All birds except one individual of the 13L:11D group, however, showed testis recrudescence when subjected to 16L:8D. These results suggest that body mass and testes have a different profile of photoperiodic response and appear to have two different threshold photoperiods for dissipating the post-reproductive refractoriness.
INTRODUCTION
Day length regulates seasonal cycles in fattening and reproduction in a number of temperate birds [1] . The breeding season ends with the development of photorefractoriness characterized by the spontaneous decline in body mass and regression of gonads, and loss of responsivity to stimulatory effects of long day lengths [2] [3] [4] [5] [6] [7] [8] . The photorefractoriness is dissipated and the responsiveness to stimulatory is recovered during progressive declining day lengths of the autumn and early winter [2, 4, 8] . Under laboratory conditions, exposure to short day lengths (e.g. 8L:16D) breaks refractoriness, and birds become responsive to long day lengths [9] [10] [11] [12] . The rate of recovery of the sensitivity to long day photostimulation by short day lengths appears to be related to the shortness of day length and to the period of exposure to short day lengths [9] [10] [11] [12] .
The role of day length in the regulation of seasonal gonadal cycles is now also shown in a number of birds breeding at a lower latitude [7, [13] [14] [15] . However, little is known about the photoperiodic mechanisms that are involved in the termination of photorefractoriness and recovery of photosensitivity in these low latitude species. Our previous studies on brahminy myna inhabiting at 29° N have clearly established them as a photoperiodic species [16, 17] . In wild myna, gonadal recrudescence begins in the spring (day length = ~12 h) and gonads mature reproductively in May/June (day length = ~14 h). Then myna shows spontaneous gonadal regression in late July/August (day length = ~13 h) when day lengths are still longer than those that initiate recrudescence in the spring, suggesting the onset of photorefractoriness [5] . In the laboratory, an 11L:13D photoperiod is non-stimulatory, but birds show a response to ≥ 12L:12D photoperiod. Furthermore, on exposure to a longer day length, such as 15L:9D, myna undergoes a testicular growth-regression cycle in 4 months [5, 12] . Therefore, brahminy myna presents a useful model to investigate the photoperiodic mechanisms involved in low-latitude birds since so little is known of the seasonality in these species. In the present study, we investigated the recovery of sensitivity of the photoperiodic response system of refractory brahminy myna under photoperiods that were slightly shorter and longer than the threshold photoperiods for the photostimulation of gonads in this species.
MATERIALS AND METHODS
Experiments were performed on adult male brahminy myna (Sturnus pagodarum). They were procured locally (29° 01' N; 77°4
5' E) in August 2002, and acclimatized to captive conditions under natural day lengths (NDL) for 2 weeks before they were exposed to experimental conditions. At this latitude, the day length (sun rise to sunset) varies from 11.05 h in December (minimum day length) to 14.57 h in June (maximum day length). Food and water were freely available to all birds, and replenished twice daily during the day-time.
The experiment started in the second week of September 2002 when all birds were in the refractory phase of their annual cycle [16] . At this time, all birds had normal body mass (45 to 52 g) and small testes (testicular volume = ~ 0.52 mm 3 ). Four groups (N = 5 or 6 each) of myna were exposed to short day lengths (8L:16D) in order to acclimatize them to artificial laboratory conditions on a photoperiod which is otherwise non-inductive [5] . Thereafter, the birds received different photoperiods for 14 weeks as follows: 11L:13D (Group I), 11.5L:12.5D (Group II), 12L:12D (Group III) and 13L:11D (Group IV). After 14 weeks, all groups were subjected to a longer photoperiod (16L:8D) for another 9 weeks to test for the recovery of sensitivity to long day photostimulation as a result of pre-exposure to the different photoperiods. Thus, the experiments lasted for a total duration of 23 weeks.
The birds were housed in wire-mesh cages (size 45 × 25 × 25 cm 3 ). Artificial light:dark (LD) cycles were provided by 14 watt fluorescent tubes (CFL) at an intensity of ~ 500 lux. Observations on body mass and testis volume were taken at the beginning and the end of the experiment, and at appropriate intervals during the experiment. Body mass was recorded on a top pan balance providing an accuracy of 0.1 g. The size of the testis was measured as the testicular volume. For this, the dimensions of the left testis of each bird were recorded by unilateral laparotomy performed under local anesthesia, and the testis volume was calculated using the formula 4/3 π ab 2 , where a and b denote half of the long (length) and short (width) axes, respectively.
The data are presented as mean ± SEM. They were analyzed using one-way analysis of variance with repeated measures (1-way RM ANOVA) when the response of a group was compared as a function of time, followed by the Student Newman Keuls posthoc test if ANOVA indicated a significance of difference. We used 1-way ANOVA without repeated measure in comparing the means of the different groups on selected observations. The student t-test (unpaired) was used when two groups were compared on a day. Significance was taken at P < 0.05.
RESULTS
The results are shown in the Figures 1a and 1b. Body mass progressively increased under different photoperiods (Fig. 1a) although a gain in body mass appeared to be photoperiod-dependent. For example on weeks 8 and 14, the body mass of birds in group I (11L:13D) and group II (group 11.5L:12.5D) was significantly (P < 0.05) higher than those in group IV (13L:11D). On exposure to 16L:8D, however, the body mass declined significantly (P < 0.05; one way RM ANOVA) in groups I, II and III (Fig.1a) , but not in the group IV (Fig. 1a) although a few birds of group IV showed a decline in body mass as well. Figure 1b shows testicular response. The testes were not stimulated during 14-week exposure to all four photoperiods, except a small stimulation. When subjected to 16L:8D, however, the testes recrudesced in all individuals of all four groups although the responses were variable. For example, whereas all birds of 11L, 11.5L and 12L photoperiods had fully enlarged testes, one individual of a 13L photoperiod showed a partial response and one individual did not show a photostimulation. At the end of 9 weeks of 16L:8D, the mean testis volume of birds coming from 11L, 11.5L or 12L was significantly larger (P < 0.05) than that of the 13L birds (Fig. 1b) .
DISCUSSION
The present results were consistent with our earlier findings on this species [5, 17] and the finding from others on its closest relative, the European starling (Sturnus vulgaris) living at a relatively high latitude [18] . Clearly, brahminy myna undergoes spontaneous seasonal changes in its response to photoperiods, and such changes appear to be photoperiodically regulated [8] . It appears that photorefractory brahminy myna dissipate their refractoriness in response to gradual decrements in natural photoperiods at 29° N where day length (sun rise and sunset) ranges from a minimum 11.05 h in December to 14.57 h in June. In early September, brahminy myna were refractory and a small initiation in an individual of Figure 1 . Shows response in body mass (a) -per cent change -and testes (b) -testis volume -of photorefractory brahminy myna on exposure to 11L:13D, 11.5L:12.5D, 12L:12D and 13L:11D for 14 weeks, and subsequently to 16L:8D for 9 weeks, as indicated by an inverted arrow. Data are plotted as mean ± SEM for 5 or 6 birds. Significance of difference (P < 0.05) is indicated as follows: * difference from week 0 observation in respective photoperiods and ** difference from the value on week when the birds were transferred to 16L:8D.
groups III and IV exposed, respectively, to 12L:12D and 13L:11D might be a reflection of individual variations within the population with regards to the photoperiodic responsiveness. Such an inter-individual difference within a group suggests that all birds of a population may recover from photorefractoriness in a larger temporal window.
An important observation of the present study is the difference in response between body mass and testes, as has been argued earlier in other species [7, 19, 20] . 11L:13D and 11.5L:12.5D induced an increase in body mass, but also induced testis recrudescence (Figs. 1a and 1b) . Also, the increase in body mass was relatively small under 12L:12D and 13L:11D which induced small testis recrudescence in one or a few individuals (Figs. 1a and 1b ). An increase in body mass under 11L and 11.5L photoperiods, which were otherwise non-inductive or weakly inductive in terms of testicular response (Figs. 1a and 1b) , was consistent with the idea that birds gain in body mass prior to gonadal growth in order to support the activities associated with reproduction. It is known in a migratory species, the blackheaded bunting (Emberiza melanocephala), that the increase in body mass precedes testicular recrudescence [21] . In the wild, brahminy myna begins to recrudesce their testes in March/April when day length is 12.5 h, and show full gonadal development in May/ June when day length is ~14 h. Myna begins to increase its body mass in January through March, when day length varies in between 11 to 12.5 h. Changes in body mass could be independent of the reproductive response to a photoperiod in a non-migratory species. We propose to investigate this in a future study on this species.
